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Abstract—In this work, the relationship between the microstructure and microhardness of Al—-Mg—Li—Zr—
Sc alloy (1421 Al) prepared by ultrafast quenching from the melt has been studied. The following methods are
used 1n studying the rapidly solidified (RS) alloy: scanning electron microscopy integrated with energy dis-
persive X-ray microanalysis, the method of nuclear reaction analysis, and the measurement of microhardness
changes during isochronal annealing. The intercept method is applied to determine the size of secondary
phases, their volume fraction, and the specific surface area of the interface boundaries in the samples. It is
established that the as-quenched rapidly solidified alloy foils are composed of an aluminum-based supersat-
urated solid solution. It is found that lithium, the content of which reaches 9.0 at %, is unevenly distributed
over the subsurface region of foils. After annealing at 300°C, precipitates of (Sc, Zr)-containing phase are
detected in the structure of foils in addition to magnesium-containing phases. Nonmonotonic changes in the
microhardness are observed during isochronal annealing of the foils in the temperature ranges of 50—100°C.,
150—-210°C, 230—340°C, which are associated with the precipitation of metastable and stable phases. It is
found that heating of the alloy foils to 340°C leads to an increase in the microhardness by 23%, and a sharp

decrease in the microhardness takes place at temperatures above 400°C.
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INTRODUCTION

The stability of properties during operation 1S one
of the most important requirements for acronautical
engineering materials. Aluminium alloys with an Mg
content of less than 7 wt % possess properties that are
nearly the same in the annealed, quenched, and aged
states. The supersaturated solid solution of magne-
sium 1n aluminum is characterized by a relatively high
strength and good corrosion resistance together with
high plasticity [ 1]|. The effect of strengthening in alloys
of the Al—Mg system doped with lithium was discov-
ered in 1965 by academician I.N. Frindlyander [2]. It
should be noted for Al-Mg—Li1 alloys that their
strength 1s comparable to the strength of other alumin-
ium alloys widely used 1n aviation. On account of the
addition of lithium, the alloy density decreases and the
elastic modulus increases. At the same time, the spe-
cifics of the heat treatment of alloys of the Al—-Mg—Li
system are associated with the presence of the rein-
forcing o' phase (AlsLi), the decomposition morphol-

ogy of the supersaturated o-solid solution, the nature
of the precipitated additional phases, and their vol-

335

ume-fraction ratio |3]. However, Al—Mg—L.1 alloys in
the coarse-grained state demonstrate limited techno-
logical plasticity and low service properties due to
strain localization.

Currently, most aluminum alloys are doped with
rare-carth and transition-metal additives to enhance
their strength and corrosion properties. The eftect of
the addition of Sc ensures higher strength characteris-
tics in alloys of the Al—Mg system 1n comparison with
the addition of Mn and Zr, which are {frequently used
as anti-crystallizing agents for aluminium [4—6]. A
high radiation resistance of Al—Mg alloys with scan-
dium 1s reported in |7—9]. The use of Sc together with
Z1 1s also considered to be promising. It 1s known that
only 0.1-0.2 wt % of scandium and zirconium gives
rise to a three-tfold increase in the strength of alumin-
ium |[10]. Zirconium added together with scandium
not only replaces a part of expensive scandium, but
additionally gives a high strength, weldability, and cor-
rosion resistance to aluminium-based alloys |[11],
which 1s especially important in aeronautical engi-
neering.




